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Production of SUSY particles at hadron colliders

Framework: MSSM with R-parity conservation

LHC [Beenakker,Hopker,Kramer,Plehn,Spira,Zerwas'96-'98]
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@ dominated by processes involving coloured particles in the final state:
49,99,88,48 and tt
@ Squarks and gluinos are produced with high-production rates

— offer strongest sensitivity for SUSY searches
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Search for squarks and gluinos at the LHC

Total cross section are used to derive exclusion limits
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Precise theoretical prediction are necessary.

How NLL+NLO predictions serves to improve on results of SUSY searches
— see talk by Anna Kulesza, Tuesday, Parallel Session 5
Silja Brensing (DESY)
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Production of a squark-antisquark pair

Processes at LO:

Squark-antisquark:

o —+ € -

Assume all squarks § = (g, gr) with § # t mass degenerate
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NLO SUSY-QCD calculation

NLO SUSY-QCD corrections [Beenakker et al. '96]

Large positive corrections, depending in detail on squark- and gluino mass
Significant part can be atiributed to the threshold region § ~ 4m?

NLO partonic cross section near threshold 3 = /1 — 4m?/s — 0:

GWNEO) = 50 [(l,’{(r lngg(:{z] + blog(8%) + clog(8?) log(p* /m?*) + d (_l/n’)H

Soft-gluon corrections Coulomb corrections

Genernc form of higher-order corrections near threshold:
G =60 x [+ ag(L2+ L+ .) 4+ 4 (L + L 4 )] L = log(8)

Logarithmic terms become large near threshold

Spoil convergent behaviour of perturbative series in o
- Requires all-order summation
- Soft-gluon resummation
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Theoretical Status: Squark-antisquark production

NLO SUSY-QCD corrections [Beenakker et al.’96][Beenakker et al.’

NLL-resummed corrections using Mellin space approach [Kulesza, Motyka '08,’
Beenakker, SB, Kramer, Kulesza, Laenen, Niessen, '

Resummation of Coulomb-corrections [Kulesza, Motyka °

Combined (soft-gluon & Coulomb) NLL-resummed corrections using SCET

[Beneke, Falgari, Schwinn ’

Approximate NNLO contributions [Langenfeld, Moch *
NLO EW corrections [Hollik, Mirabella ’
LO EW and QCD‘EW interference [Bozzi, Fuks, Klasen '05][Alan, Cankocak, Demir ’

[Bornhauser et al '07][Hollik, Mirabella ’
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Outline

© Soft-gluon resummation at NNLL
@ Soft-gluon resummation for coloured heavy sparticles
@ Analytical results for squark-antisquark production
@ Numerical results for the LHC
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Soft-gluon resummation

[Contopanagos, Kidonakis, Laenen, Oderda, Sterman, Bonciani, Catani, Mangano, Nason *96 — *98]
Perform resummation of soft-gluon contributions using approach in Mellin-space

1
O (N, {m*}) = / dp p" 1 g on (0. {m?})
Jo

Hadronic cross section for the production of two massive coloured sparticles &,/

Ol g—sil /) {m} Z/u’i]rt’r)(/ 0( —iL) ,",ﬂ,.(:r..;."’)_]"//,,”[‘ o, 12) 03 vt (2, {m*} r)

with p— (my +‘ my)? and - — (mye + my)?
S s
S onpgon(N M) = Z Fipn (N+1, 7 )fﬂt,,“ (N+1, 1) 63 (N, {m?}, )
Form of soft-gluon corrections o log™(N) m < 2n N — o

Resummation: rrf',‘_:'”( N) = exp [Lg,(rrﬁL) + oo L) + o g (a L) + .. ] x Plag) L =log(N)

LL NLL NNLL
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Soft-gluon resummation for coloured heavy (s)particles

[Contopanacgos. Kidonakis. Laenen. Oderda. Sterman '96-'98: Bonciani. Catani. Maneano. Nason '981

Based on near threshold factorisation of the cross section N

Gijor(N) = A; A Z Hijsvar Sij=kiar

soft-collinear [/ wide-angle soft
Evolution equations ) -
e e
€g 4 " a .
“T,NS” =TI Skr— Sk Tkr

Solving evolution equations — resummed expressions

~(res ~ 2(C
Ufj—)%é (N7 {m2}7/j'2) = 2 0',5‘(2,;(/’/ (N7 {m2}v /1’2) Cij*}k/,/ ({m2}7 /142)6lg'~)>k/,l(N7 {m2}7 /142)

X AN +1,Q% 12) Aj(N +1, Q% u?) A, (N +1,Q2, 1?)

@ Cji_.,: hard matching coefficients

%(C . . . .
) 5}]._)),(, ;+ Coulomb corrections, inclusion based on soft-Coulomb factorisation

[Bonciani et al. '98, Beneke, Falgari, Schwinn '10]

@ A;Aj: resums soft and collinear gluon radiation
(s) . - .
) Aij—>kl,l' resums wide-angle soft gluon radiation
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Soft-radiative factors at NNLL

Soft-radiative factors A;A; A( s)
uﬁqq,l

1 _N—-1 Q-2 4 2

-1 dg
Ai(N, Q2,12 :/ G / B pi(as(q?
@)= [t [ e

A® lup,. a5 (as((1 = 2)2Q?))
il = |, -3

1—~

A;, DUH 5,1 power series in o

In terms of g, : (LL(g1), NLL(g2), NNLL(g3))
AiA; Aglaé = exp {Lgl(asL) + @ (asl) + asgs(asl) + .. }

For NNLL accuracy: A, A®) AG)
[Kodaira, Trentadue '82, Catani, D'Emilio, Trentadue '88, Moch, Vermaseren, Vogt '05]
1) p®

D, D,

[Catani et. al '96, Kidonakis, Sterman '96, Czakon, Mitov, Sterman '09, Beneke, Falgari, Schwinn '09]
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Hard matching coefficients
Hard matching coefficients at one-loop are required for NNLL resummation

7" o)

(1) _ !
=1+C +..—1+W+...

ij—ag,] = ii—§g,!

C

: Mellin transform of O(8) term of NLO cross section

|
o(B)
i.e. leading Coulomb correction and log terms omitte
leading Coulomb oB° d log(N d

Calculated at One—|OOp fOr qa/gg — E]a [Beenakker, SB, Kramer, Kulesza, Laenen, Niessen, in prep.]
@ can be expressed in a compact form
@ e.g. for the gluon—gluon initiated process they read:

2 2N,
1) % SNe  Cr He\ _ MgNe o a2
Coeaai-18s — R { ( 12 4 ) Tsloe 2 2m? log (ng(4mq))

2

m2 m? m?2 m2 m2 N m? m?2
+ C,c< 2+m4 log (m—;> - mﬁ 73) + 2;26 <L12<7 mg) —Li2<mg>)
q g g g
> 2

™ 1/ mg\ 1 /m}

* [? ~ah (*m) * 5”2(?

vy ¢ ¢
88—44,8a
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Hard matching coefficients

. . .. 1
Numerical results for the hard matching coefficients C,( ).
C(l) _ C(l) _
q9—qq,/ 88—qq,l
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mg = 1.2 TeV fixed, mz varied, m; = 172.9 GeV, ug = ur = mg
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Coulomb corrections

Exchange of Coulomb-gluons between the coloured final state particles

Leading Coloumb corrections have the form:

( 1) Ty (0)
- = —— 0’ -
Tij—ad,! 253 Fij—~4a.1% a3,
with
4 1
Rqa/ge—431 = T3 qa/(eg)~73.8.(8a.85) ~ g

see also [Kulesza, Motyka '10, Beneke, Falgari, Schwinn '10]

In order to include in Mellin-space resummation formula:

3O . =148

—44q, ij—aq,l

Q
Qi

. C,1 %(C,1
Calculate Mellin-transform of o1, 5 §(C:1).
ij—qq,! ij—aqg,!
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Matching with fixed-order calculation

NLO (NNLO-calculation not available) and NNLL-resummed are combined
through a matching procedure:

NL()+NNLL(p {mQ} /142)

Cuptico 4N
hahg— ki /c — N (N+1,4%) £ ypg (N + 1, 41%)

i mp —ico 27i

~res, NNLL 2 2 ~res, NNLL 2
x| N () 0) SN, ()|

(NLO) }

NL 2y 2
+ ‘ThAhqu/(Pv{m }ou)

@ Avoids double counting of logarithmic terms

@ Using “minimal prescription” for the contour of the inverse Mellin transform
[Catani et al., '96]

@ NLO cross section calculated with PROSPINO
[Beenakker, Hopker, Kramer, Plehn, Spira, Zerwas, '96-'98]
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KNNLL = ONLO+NNLL/ONLo at the LHC

1.10

1.00

L K.(pp— 43+ X)
| VS=T7TeV, r=
—— NLO + NLL

L= NLO + NNLL

MSTWO08

Ma = 1.0

mg

- NLO + NNLL w/o Coulomb

PRELIMINARY

I
600 800 1000 1200 14

mg|GeV]

00 1600 1800 2000

[Beenakker, SB, Kramer, Kulesza, Laenen, Niessen,

1.30 T

in prep.]

Ku(pp — 47+ X)
125 F /S=14TeV, r=21-10

mg

—— NLO + NLL e
1.20 - . NL()+NNLLW/0(,oulomb e
NLO + NNLL =
115 |
Lo b
1.05

PRELIMINARY

00
500 1000 1500 2000 2500
mg(GeV]

300C

@ KnnLL-factors grow with increasing sparticle mass due to importance of threshold region

@ large corrections beyond NLL

@ can be mostly attributed to incorporating hard matching coefficients and leading
Coulomb corrections
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Mass dependence of K,
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[Beenakker, SB, Kramer, Kulesza, Laenen, Niessen, in prep.]
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@ small r-dependence, also for LHC@14TeV
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Scale variation

0.15

0.14 |

0.13
0.12
0.11
0.10
0.09
0.08
0.07
0.06
0.05
0.04

L o (pp— GG+ X ) [pb]
VS8 =14TeV

PRELIMINARY

- LO
. .. NLO
—— NLO+NLL
e NLO + NNLL wfo (‘m‘:lomb
NL() + I\NLL

jo = mg = mg = 1200 GeV |

0.2 0,5 1 2
/o

1.40

1.30

[Beenakker, SB, Kramer, Kulesza, Laenen, Niessen, in prep.]
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@ significant reduction of theoretical error due to scale variation

@ similar results for LHC@7TeV
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Summary

@ Squark-antisquark production is an important channel for sparticle
production at the LHC

@ Soft-gluon resummation to NNLL accuracy: (non-trivial colour structure)

o First calculation of hard machting coefficients
— needed to perform resummation to NNLL accuracy
o Numerical results for NNLL resummed matched to NLO
— significant enhancement of NLO+NLL cross section predictions
KNNLL ~ 25%(mg, ~ 1.5TeV, LHC@?TGV)
— significant reduction of scale dependence
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